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Abstract: The rising population of India poses serious threats 

with regard to the availability of living space, utilization of 

natural resources and raw materials, education and employment. 

The serious peril that follows is the escalating amount of waste 

generated each minute by an individual. Developing a 

mechanized system to help save the lives of many and making the 

world a cleaner and a greener place is the noble objective of the 

project. 

A proposed system where the collection of some 

database of garbage images where it is necessary to train those 

images and to get some features of all the images and then by 

using the Pi-camera real time images are captured and then it 

should detect the features of that particular image whether it is a 

garbage image or not, if yes then it will checks for the 

segregation either dry or wet waste by using kNN algorithm. If 

there is no garbage on the road then raspberry pi will inform the 

robot to move forward, if there is any waste present on the road 

then accordingly to the segregated it will pick and place the 

garbage in specific direction. That is if it finds out the waste is 

dry, then the dry waste will be placed on right side  else wet 

waste is placed on left side. 

Keywords: Raspberry Pi, Robotic arm, Pi camera, kNN 

algorithm. 

I. INTRODUCTION 

he digitalized future, it is directly proportional to increase 

in urbanization and industrialization. This is the main 

cause of generation of large amount of waste. And in today's 

sophisticated world; robots and autonomous machines are an 

integral part of daily routine. They help in completing daily 

chores for human beings; especially for physically challenged 

and aged people of the society. These robots are also critical 

in many industries as they reduce life casualties and financial 

degradation while performing risky and critical operations. 

The population in India has crossed 1.5 billion, so is the 

development of the nation with the urbanization, utilization of 

raw materials, employment. The problem aroused is the 

escalating of the waste by each individual is not possible. In 

such cases developing a Robotic system would be helpful to 

keep the environment clean and tidy. A proposed system of  

an automatic waste segregator is introduced, that aims at 

segregating the waste at the disposal level itself. It is designed 

to sort the waste into 2 major categories, namely wet and dry, 

thereby making waste management more effective. 

II. PROBLEM STATEMENT 

An astounding 0.1 million tons of waste is generated each day 

in India. Only 5% of this colossal amount of waste is recycled. 

One possible solution for this problem could be segregating 

the waste at the disposal level itself. In India, the collection, 

transportation and disposal of MSW are unscientific and 

chaotic. Uncontrolled dumping of waste on outskirts of towns 

and cities has created overflowing landfills which are not only 

impossible to reclaim because of the haphazard manner of 

dumping but also has serious environmental implication in 

terms of ground water pollution and contribution to Global 

warming. This has found to reduce the average life span of the 

manual segregators. 

III. SOLUTION 

The above-mentioned problem statement is recovered by a 

project named “Robotic Arm for Trash Collecting and 

Separating Robot” which is an embedded system, meaning 

something that is attached to another thing. An embedded 

system can be thought of as a computer hardware system 

having software embedded in it. An embedded system can be 

an independent system, or it can be a part of a large system. 

An embedded system is a microcontroller or microprocessor-

based system which is designed to perform a specific task.  

An embedded system has three components − 

 It has hardware. 

 It has application software. 

 It has Real Time Operating system (RTOS) 

IV. BLOCK DIAGRAM 

 

In this project we are going to collect some database of 

garbage images and train those images according to the 

features that have been captured and then by using the pi-

camera we are going to capture a real time images, which we 

can call as the testing images, the features of that particular 

image needs to be detected and conclude whether it is a 

T 
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garbage image or not, if yes then it will check for the 

segregation of either dry or wet waste by using KNN 

Algorithm. Then if there is no garbage on the road then 

raspberry pi will inform the robot to move forward. If there is 

any waste present on the road then according it will pick, 

place and segregate the garbage in specific direction. 

The Block Diagram consists of Hardware and Software 

requirements. 

Software Requirements: 

The Software Requirements consists of Raspbian Jessie, 

PuTTY Software, Python, TightVNC server, kNN algorithm. 

Raspbian Jessie-Raspbian is a free operating system based on 

Debian optimized for the Raspberry Pi hardware. An 

operating system is the set of basic programs and utilities that 

make your Raspberry Pi run. 

PuTTY Software- PuTTY is a free and open-source terminal 

emulator application which can act as a client for the SSH, 

Telnet, rlogin and raw TCP computing protocols and as a 

serial console client It supports several network 

protocols, SCH and raw socket connection. It can also connect 

to a serial port. The name "PuTTY" has no official meaning, 

though “tty” is the name for a terminal in the Unix tradition.  

TightVNC Server- TightVNC is a cross-platform free and 

open-source remote desktop software  application. Constant in 

Kaplinsky developed TightVNC using and extending the 

RFB protocol of Virtual Network Computingto allow end-

users to control anothercomputer's screen remotely. 

TightVNC uses so-called "tight encoding" of areas, which 

improves performance over low bandwidth connection. It is 

effectively a combination of the JPEG and zlib compression 

mechanisms. 

Python-Python is a widely used high-level programming 

language for general purpose programming. Python features a 

dynamic type system and automatic memory management and 

supports multiple programming. 

KNN Algorithm-K nearest neighbors is a simple algorithm that 

stores all available cases and classifies new cases based on a 

similarity measure. Example-Suppose a bankhasa database of 

people’s details and their credit rating. These details would 

probably be the person’s financial characteristics such a show 

much they earn, whether they own orrent a house, and soon, 

and would be used to calculate the person’s credit rating. 

However, the process for calculating the credit rating from the 

person’s details is quite expensive, so the bank would like to 

find some way to reduce this cost. They realize that by the 

very nature of a credit rating, people who have similar 

financial details would be given similar credit ratings. 

Therefore, they would like to be able to use this existing 

database to predict a new customer’s credit rating, without 

having to perform all the calculations. 

 

Hardware Requirements: 

Raspberry pi Microcontroller-The Rasp-berry Pi is a series of 

small single-board computers with CPU: 32-bit and contains a 

SOC (System On Chip – Has multicore processor, GPU, 

ROM, I/O Peripherals inside it.), DDR RAM memory, 

Ethernet port, USB host, micro HDMI on it. The Raspberry Pi 

is a low cost, credit-card sized computer that plugs into a 

computer monitor or TV, and uses a standard keyboard and 

mouse. 

Pi-Camera-The Raspberry Pi camera module can be used to 

take high-definition video, as well as stills photographs. The 

camera consists of a small (25mm by 20mm by 9mm) circuit 

board, which connects to the Raspberry Pi's Camera Serial 

Interface (CSI) bus connector via a flexible ribbon cable. The 

camera's image sensor has a native resolution of five 

megapixels and has a fixed focus lens. 

Memory Card-A memory card is an electronic flash memory 

data storage device used for storing digital information. These 

are commonly used in portable electronic devices, such as 

digital cameras, mobile phones, laptop computers, tablets etc 

Robotic Arm-A robotic arm is a type of mechanical arm, 

usually programmable with similar functions to a human arm; 

the arm may be the sum total of the mechanism or may be part 

of a more complex robot. The links of such a manipulator are 

connected by joints allowing either rotational motion (such as 

in and articulated robot) or translational (linear) displacement 

Motor Driver-A motor driver is a little current amplifier; the 

function of motor drivers is to take a low-current control 

signal and then turn it into a higher-current signal that can 

drive a motor. The motor driver IC is an integrated circuit 

chip which is usually used to control motors in autonomous 

robots. 

Gear Motor-Gear motors are an all-in-one combination of an 

electric motor and gears or a gearbox. A gear motor simplifies 

combining a motor with a gear reducer system. Gears are used 

with motors to lower the motor's speed while increasing the 

output torque. 

IR Sensor-This device emits and/or detects infrared radiation 

to sense a particular phase in the environment. Generally, 

thermal radiation is emitted by all the objects in the infrared 

spectrum. The infrared sensor detects this type of radiation 

which is not visible to human eye. 

V. WORKING OF THE DEVICE 

The System is mainly based on Raspberry Pi 3 

Model B which has broadcom BCM2837 64-bit quad core 

processor running at 1.2GHz with 1GB RAM memory. It 

has BCM43143 WiFi on board with a 40-pin extended 

GPIO Pins and CSI camera port for connecting the 

raspberry pi camera which is being runned by a 

programming language Python, which is a beginner’s 

language. Raspberry Pi being the single board computer 



International Journal of Research and Scientific Innovation (IJRSI) | Volume V, Issue IV, April 2018 | ISSN 2321–2705 

www.rsisinternational.org Page 249 
 

which can work exactly like PC when it is interfaced with 

all the external hardware and peripherals like monitor, 

keyboard etc. Raspberry Pi is the main component of the 

project since all the other components are controlled by 

Raspberry Pi like Pi Camera, Robotic Arm. When it comes 

to movement of the robot, the wheels are controlled by gear 

motor driven by motor drivers which is controlled by 

raspberry. Since the raspberry pi can supply upto 5V, an 

external supply of relay with a 12V battery is given which 

makes the gear motor to work faster than the usual speed.  

It works on the principle of logic high and logic 

low, the movement of the robot towards left indicates logic 

1 on the left wheel and logic 0 on the right wheel and vice 

versa. The initiation for the robotic movement is by the IR 

sensor, which is one of the basic and popular sensor 

module in an electronic device. This sensor is analogous to 

human’s visionary senses, which can be used to detect 

obstacles and it is one of the common application in real 

time, which is placed in the front of the left and right wheel 

of the robot.  

Robotic Arm for Trash Collecting and Seperating 

Robot is the title of the project which mainly focus on the 

capturing of the image and separating the image captured 

into dry and wet waste, which works on the principle of 

image processing. The acquisition of the image is done by 

Pi camera, the raspberry Pi camera module v2 replaces the 

original camera module. It attaches via a 15cm ribbon 

cable to the CSI port on the raspberry Pi. This camera 

works with all modules of raspberry Pi 1, 2 and 3. The 

original image which is captured by raspberry pi which is 

in jpeg format. Since jpeg compression technique is a lossy 

compression, quality of image is reduced and does not 

support layered images. In this project it is difficult to 

differentiate between the dry and wet waste in the JPEG 

format, so the image is converted into gray scale image, 

which is a range of shades of gray without apparent color. 

The darkest possible shade is black which is a total absence 

of transmitted or reflected light, the lightest possible shade 

is white. Gray scale (or a gray level) image is simply one in 

which the only colors are shades of gray. The reason for 

differentiating such images from any other sort of color 

image is that less information needs to be provided for each 

pixel. 

Often, the grayscale intensity is stored as an 8-bit 

integer giving 256 possible different shades of gray from 

black to white. If the levels are evenly spaced, then the 

difference between successive gray levels is significantly 

better than the gray level resolving power of the human 

eye. Gray scale images are very common, in part because 

much of today’s display and image capture hardware can 

only support 8-bit images. To be more in specific with the 

processing the image, the gray level image is then further 

converted into binary image, which is a digital image that 

has only two possible values for each pixel. Typically, the 

two colors used for a binary image are black and white. 

Binary images are also called bi-level or two-level. This 

means that each pixel is stored as a single bit – i.e., a 0 or 

1. The names black- and white between monochrome or 

monochromatic are often used for this concept but may 

also designate any images that have only one sample per 

pixel, such as gray scale images. This kind od images can 

often arise in digital image processing as masks or as the 

result of certain operations such as segmentation, 

thresholding and dithering. The above two steps of 

conversion makes the kNN algorithm easy to identify the 

dry and wet waste. The purpose of the k Nearest Neighbors 

(kNN) algorithm is to use a database in which the data 

points are separated into several separate classes to predict 

the classification of a new sample point. 

The major software requirement in the project of 

Robotic Arm for Trash Collecting and Seperating Robot is 

a PuTTY software which is a free and open-source 

terminal. In computing the software application which 

connects the PuTTY software to the raspberry pi is a 

TightVNC server which is a cross-platform free and open-

source remote desktop software application. It uses and 

extending the RFB protocol of Virtual Network 

Computing (VNC) to allow end-users to control another 

computer's screen remotely.  

So once the software and all the hardware parts is 

implemented the output of the system is initially picking of 

garbage and placing it to the respective bins. The basic 

function of a pick and place robot is done by its 

joints.Degrees of freedom implement the linear and 

rotational movement of the body and Degrees of movement 

imply the number of axis the body can move. In this project 

using HDMI cable, which is a proprietary audio/video 

interface for transmitting uncompressed video data and 

compressed or uncompressed digital audio data from an 

HDMI-compliant source device, such as a display controller, 

to a compatible computer monitor, video projector, digital 

television, or digital audio device. HDMI is a digital 

replacement for analog video standards. 

VI. CONCLUSION 

Automated Waste Segregator has been successfully 

implemented for the segregation of waste into dry and wet 

waste at a domestic level. However, it cannot segregate 

ceramic into dry waste because of its higher relative dielectric 

constant as compared to other dry wastes. Noise can be 

eliminated in the sensing module to increase accuracy and 

overall efficiency. This system has its own limitations. It can 

segregate only one type of waste at a time with an assigned 

priority for wet and dry waste. 
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